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Jose Pedro da Silva, MD, and Luciana Fonseca da Silva, MDPulmonary root translocation (PRT) was used to correct ventriculoarterial discordance as
part of anatomical repair for congenitally corrected transposition of the great arteries,
ventricular septal defect (VSD) and pulmonary stenosis (PS). The Senning procedure was
used for completion of the anatomical repair. From March 2004 to June 2014, ten
consecutive patients were operated. There was no hospital and one patient died 5 years
after the surgical repair. In the postoperative period, control echocardiogram showed no
obstruction in the systemic and pulmonary venous return. Also, neither LVOT nor signiﬁcant
RVOT obstruction was found in any patient. Our initial results suggest that pulmonary root
translocation is a good option for correcting ventriculoarterial discordance in the anatomical
repair of CCTGA with VSD and LVOTO.
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The morphologic right ventricle (RV) functioning as asystemic pump is a limiting factor for the well-being and
long-term survival of patients with congenitally corrected
transposition of the great arteries (CCTGA). This concept
has been conﬁrmed with the traditional surgical treatment of
CCTGA, which consists of repairing the associated lesions
without addressing the ventriculoarterial discordance, leav-
ing the RV as the systemic pump. This approach has resulted
in progressive RV dysfunction and tricuspid valve regur-
gitation and, consequently, poor long-term clinical out-
comes.1
The landmark of conceptual change in the surgical
treatment of this complex lesion was established in 1990,
when Ilbawi et al published the anatomical repair of
CCTGA, ventricular septal defect (VSD), and left ventricle
(LV) outﬂow tract obstruction (LVOTO). They reported
2 patients treated by combining the Mustard atrial switch
procedure and the Rastelli operation to correct bothee front matter r 2014 Elsevier Inc. All rights reserved.
g/10.1053/j.optechstcvs.2014.11.004
vascular Surgery, Beneﬁcencia Portuguesa Hospital,
sts to Jose Pedro da Silva, MD, Department of
gery, Beneﬁcencia Portuguesa Hospital, Alameda do
101, Bloco 3 Moema, Sao Paulo 04524001, Brazil.
uol.com.br, lufonseca@uol.com.bratrioventricular and ventriculoarterial discordances.2
Ultimately, this operation resulted in the LV supporting
the systemic circulation.
In 2004, we began to use pulmonary root translocation as
part of the anatomical repair of CCTGA, VSD, and LVOTO.3
The rationale for using this technique in the correction of
ventriculoarterial discordance is to spare the pulmonary
valve as a means of preventing some of the long-term
problems related to the valved conduit used in the Rastelli
procedure.
The pulmonary root translocation technique was used to
correct ventriculoarterial discordance and consisted of remov-
ing the pulmonary artery (PA) with the pulmonary valve from
the LV, closing the consequent hole in the LV with an
autologous pericardial patch, resecting some conal septum,
closing the VSD by creating an intraventricular tunnel that
diverts blood ﬂow from the LV to the aorta (AO), and
performing anterior pulmonary root translocation to construct
a new RV outﬂow tract (RVOT). In patients presenting with
important pulmonary valve stenosis (intraoperative RV-PA
systolic gradient superior to 35 mm Hg after repair), the PA
was enlarged with a monocusp valve pericardial patch. The
Senning technique with some modiﬁcation was used to
perform the atrial switch and repair the atrioventricular
discordance, completing the anatomical repair of CCTGA.
Anatomical repair of CCTGA 305The main objective of this article is to show the surgical
details of this procedure.Operative Techniques
The operation is performed via median sternotomy.
Cardiopulmonary bypass is instituted with aortic and bicaval
cannulation. Systemic hypothermia (231C-251C) and cold
antegrade blood cardioplegia (20 mL/kg), followed by
subsequent doses (10-15 mL/kg) at 20-30-minute intervalsMLCA
Ao
PA
RA
Figure 1 The CCTGA anatomy viewed from the surgeon’s side reveals atrio
ventricle (LV) and left atrium connected to the right ventricle (RV)—com
and pulmonary stenosis. In this ﬁgure, the positions of cannulas for ca
coronary artery; Ao ¼ aorta; PA ¼ pulmonary artery.during the cross-clamp period, are used for myocardial
protection.
The main surgical steps for CCTGA repair using
pulmonary root translocation are as follows (Figs. 1-7):(1)ventr
bin
rdioPulmonary root harvesting.
(2) VSD enlargement.
(3) Closure of the LV’s pulmonary oriﬁce and patch
completion of the LV-AO tunnel.
(4) Pulmonary root anastomosis to the RV and construction
of the RVOT.
(5) Atrial switch (Mustard or Senning technique).RV
LV
icular discordance—the right atrium (RA) connected to the left
ed with ventriculoarterial discordance in association with VSD
pulmonary bypass are shown. MLCA ¼ morphologically left
Figure 2 This is the initial dissection of the pulmonary artery (PA) root and mobilization of the PA branches. The pulmonary trunk is freed
from the aorta (Ao) with a plane of dissection close to the PA wall to avoid the coronary arteries. This dissection advances toward the left
ventricle (LV) and stops when it is 2-3 mm inside the myocardium, to be resumed once the heart is arrested.
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Figure 3 (A) The dashed line shows the right atriotomy place, which will be used for intraoperative anatomical assessment, heart
decompression and as the ﬁrst incision for the atrial switch. (B) Through this wide right atriotomy, the LV cavity, mitral valve, and the VSD
can be explored.
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Figure 3 (Continued) (C) An instrument is passed across the mitral valve and the LV toward the pulmonary valve to verify the left ventricle-
pulmonary artery connection, conﬁrming the atrioventricular discordance.
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Figure 4 (A) A superﬁcial vertical right ventriculotomy is performed, taking care to avoid injury to large conal right ventricular branches and
the left anterior descending coronary artery, especially if pericardial adhesions obscure their courses.
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BFigure 4 (Continued) (B) An instrument is placed in the RVOT through the VSD, behind the ventricular septum make sure that the
ventriculotomy is in the right ventricular side of the septum, before extending it. The size and location of the VSD are inspected, paying
particular attention to its relation to the aortic valve.
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Figure 5 (A) The pulmonary root harvesting is completed from both outside and inside the heart. These careful steps are important for
harvesting the pulmonary artery root with an intact valve and to prevent damage to the adjacent aortic sinus of Valsalva. At the advanced stage
of the dissection, the muscular tissue proximal to the pulmonary valve is exposed. An incision is made to extract the PA with an intact
tricuspid pulmonary valve (PV). The PV is inspected and any remaining subvalvar ﬁbrous tissue and excessive myocardial muscle removed.
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Figure 5 (Continued) (B) In most cases, the VSD needs to be enlarged with partial resection of the conal septum located under the aortic valve.
An initial incision, vertical to the aortic valve oriﬁce, is made. This incision is extended around the aortic valve in 2 directions, as indicated by
the dotted lines. With this technique, it is possible to enlarge the LV-AO route with little or no septal muscle resection as an attempt to stay
away from the conduction tissues pathway. The dashed lines show the most common location of the conduction system in CCTGA. An
instrument, passed through the VSD toward the pulmonary valve oriﬁce, lifts slightly the conal septum and facilitates the VSD enlargement.
J.P. da Silva and L.F. da Silva312
Pericardial
patch
Ao
Dacron patch
RV
LV
C
Figure 5 (Continued) (C) Closure of the left ventricle (LV) oriﬁce resulting from pulmonary root removal is done with a glutaraldehyde-treated
autologous pericardial patch and polypropylene running suture technique. The septal defect is approached through the right ventriculotomy
and the sucker tip placed inside the LV via the mitral valve. A Dacron patch is sutured in the inferior VSD edge and right ventricle (RV) walls
to construct the anterior aspect of the intracardiac tunnel, connecting the LV to the aorta (AO) using 5-0 polypropylene running suture
technique.
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Figure 6 (A) Translocation of the pulmonary root to the left side of the aorta (AO) without a LeCompte maneuver to construct a new right
ventricular outﬂow tract with appropriate pulmonary artery (PA) length. The posterior half of the pulmonary root is directly sutured to the
superior edge of the right ventriculotomy with a running 6-0 polydioxanone suture. This suture line aimed to directly connect at least 40% of
the pulmonary root circumference to the right ventricular wall.
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Figure 6 (Continued) (B) The pulmonary valve (PV) is enlarged at the anterior commissural site with a monocusp bovine pericardial patch (PP),
which is placed in a way that the patch cusp coapts with the natural PV cusps, composing a fairly competent PV. The decision to enlarge the
pulmonary root is made preoperatively, in most patients. Notice that the pulmonary circumference is augmented using the smallest patch
possible, just enough to prevent an important postoperative transpulmonary valve gradient. The idea is to have most of the pulmonary valve
circumference covered by the native valve tissue as the patient grows. In theory, this may result in less pulmonary regurgitation as compared
with a larger patch owing to its tendency to progressive calciﬁcation overtime.
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Figure 6 (Continued) (C). The anterior aspect of the RVOT is completed with a pedicled autologous pericardial ﬂap. Therefore, this living ﬂap
covers the whole pulmonary root circumference, optimizing its growth potential. PF ¼ Pericardial ﬂap.
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Figure 7 (A) The anatomical repair of CCTGA is completed by atrial switch using the Senning technique to redirect the blood ﬂow from the
pulmonary veins to the mitral valve and from the caval veins to the tricuspid valve. In CCTGA, the right atrium usually presents a small size,
which makes difﬁcult to achieve a proper-sized atrial chambers. To address this issue, we divide the right atrial wall unevenly, leaving a larger
posterior ﬂap, making possible to construct a good size systemic venous tunnel. The in situ pericardium is used to enlarge the pulmonary
venous atrium. Initially, we make a right atriotomy parallel to the atrioventricular junction that is extended upward and downward, staying
anterior to both the cava and leaving a wider posterior atrial ﬂap (60% of the anteroposterior right atrial length) (Fig. 3). A second incision is
made in the anterior wall of the right pulmonary veins close and parallel to the right atrium. Some interrupted sutures are placed at its
external edge of this opening, attaching it to the in situ pericardium to create an extension for the pulmonary veins. Another incision is made
in the atrial septum parallel to the atrioventricular valves, creating a lateral and a medial atrial septum ﬂaps. Next, we suture the lateral septal
ﬂap in a position just anterior to the left pulmonary veins, posterior to the tricuspid annulus, and just posterior to the left atrial appendage to
create a roof for the pulmonary veins and ﬂoor for the systemic veins (SVC and IVC), usually without patch. The right atrial wall posterior rim
is sutured to the medial atrial septal ﬂap, diverting the systemic venous blood return to the tricuspid valve and keeping the coronary sinus in
this systemic venous tunnel. This systemic vein tunnel construction method brings the right atrial curvature medially, making it more
concave, which provides more room for the pulmonary veins return. MV ¼ mitral valve; SVC ¼ superior vena cava; IVC ¼ inferior vena cava.
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Figure 7 (Continued) (B) The pulmonary venous return pathway construction begins by attaching the external edge of the right pulmonary
veins to the in situ pericardium. This pericardium, which has the potential to grow, will be sutured to the lateral side of both cava and to the
right atrial anterior edge, completing the pulmonary venous atrium. This enlargement method is a minor modiﬁcation of the Shumaker
technique4 and very important in patients with CCTGA because they usually present with a small right atrium. Notice that the sutures
are placed half way between the anterior pericardial edge and the pulmonary vein, resulting in an enlarged pulmonary venous atrium.
MV ¼ mitral valve.
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Figure 8 The echocardiographic images A and B were acquired from a CCTGA patient 6 months after he underwent pulmonary root
translocation with pulmonary valve enlargement. (A) Postoperative echocardiogram postoperative showing the atrial switch with systemic
vein tunnelization to the right ventricle (RV) and the pulmonary venous drainage redirected to the left ventricle (LV) using the in situ
pericardium for the pulmonary venous atrial enlargement. Patch ¼ VSD closed with Dacron patch; PVV ¼ pulmonary veins; MV ¼ mitral
valve; TV ¼ tricuspid valve.
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Figure 8 (Continued) (B) The Dacron patch redirecting the blood ﬂow from the LV to the aorta (AO) and the right ventricle outﬂow tract with
the monocusp valve closed in diastole. Patch ¼ VSD closed with Dacron patch.
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Figure 8 (Continued) (C and D) The images were acquired from another CCTGA patient who underwent pulmonary root translocation without
pulmonary valve enlargement, 3 years after the operation. A good left ventricle-to-aorta alignment is seen in (C) and the pulmonary valve
closure is shown in (D). PVA ¼ pulmonary venous atrium; PV ¼ pulmonary valve; AV ¼ aortic valve.
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Figure 8 (Continued)
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Anatomical repair of CCTGA 323Results
From March 2004 to June 2014, we have applied pulmonary
root translocation with the Senning procedure in 10 patients
with CCTGA, VSD, and LVOTO, with a median age of
2.1 years (range: 2.5 months to 11.4 years) and median
weight of 11.7 kg (range: 5.5-36.3 kg). The mean cardio-
pulmonary bypass time and cross-clamp time were 250 
59.02 and 182  44.5 minutes, respectively.
There was no hospital mortality and 1 patient died 5 years
after the surgical repair, probably owing to cardiac arrhythmia.
The VSDs were enlarged in 7 of 10 patients. The resection
technique described in this article was used in 4 patients and
there was no heart block in this group of patients. However,
2 patients presented with surgical heart block; one heart block
occurred on a patient who required a more extensive VSD
resection and the another case of heart block occurred on the
group of 3 patients who did not require any VSD enlargement.
In the postoperative period, control echocardiogram showed
no obstruction in the systemic and pulmonary venous return
(Fig. 8). Also, neither LV outﬂow tract nor signiﬁcant RVOT
obstruction was found in any patient. To date, no patient has
required reoperation and all survivors are asymptomatic.Comments
The technique for pulmonary root harvesting in CCTGA is
somewhat easier than the same procedure in D-TGA cases
because the pulmonary valve is usually more superﬁcially
located in CCTGA, maintaining continuity with the aortic
valve but being far from the mitral valve. In D-TGA, the
pulmonary valve is closely related to the mitral valve
(anterior leaﬂet) and aortic valve.
The LV-to-AO alignment tends to be good after construction
of the LV outﬂow tract in CCTGA repair owing to the anterior
position of the LV, which is in a similar anteroposterior plane as
the aortic valve plane, facilitating repair of the ventriculoarterial
discordance. Tateishi et al5 also reported this result when
repairing CCTGA with pulmonary root translocation.
Regarding the atrial switch technique, some surgeons
prefer to perform the Mustard operation to achieve
atrioventricular concordance in CCTGA,6 because CCTGA
patients usually present with a small right atrium, which
makes it difﬁcult to obtain a properly sized atrial chambers
with the Senning procedure. However, we elect to use the
Senning technique with the technical maneuvers described
earlier, as an alternative for surgeons lacking of experience
performing the Mustard procedure. Also, we want to
underscore that leaving the left atrial appendage incorpo-
rated in the systemic venous tunnel facilitates the correction
of persistent left cava by, simply, connecting the left cava to
the left atrial appendage, as we did in 2 patients of this series.
When performing septal resection for VSD enlargement,
the surgeon must consider the conduction tissues and their
anatomical variations. In CCTGA, the conduction tissues are
related to the anterior and inferior borders of the VSD, a
situation directly opposite to that encountered in the more
usual septal defects found in hearts with atrioventricular
concordance.7 Although the VSD enlargement techniquedescribed earlier may be useful for heart block prevention,
further studies are needed to conﬁrm this possibility.
The patients who were referred for anatomical repair of
CCTGA with VSD and LVOTO generally present with
symptoms related to chronic hypoxemia, and some have
previous Blalock-Taussig shunt. Also, most patients younger
than 3 years at the time of surgery had their pulmonary valve
spared without patch enlargement, whereas all patients older
than 3 years required monocusp pulmonary valve enlarge-
ment. This ﬁnding supports approaching these patients at a
younger age, as our previous study3 showed that patients
that do not require patch enlargement of their pulmonary
valve have better growth patterns and functional results of
the pulmonary valve after pulmonary root translocation.Conclusion
Initial results of this study suggest that pulmonary root
translocation is a good option for correcting ventriculoarte-
rial discordance in the anatomical repair of CCTGA with
VSD and LVOTO.Acknowledgments
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